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Abstract
Mark-recapture techniques have been widely used and specialized to study organisms throughout the field of biology.
To mark-recapture ticks (Ixodida), we have created a simple method to mark ticks using nail polish applied with an
insect pin secured in a pencil that allows for a variety of questions to be answered. For measuring tick control efficacy,
estimating population estimates, or measuring movement of ticks, this inexpensive mark-recapture method has been
easily applied in the field and in the lab to provide useful data to answer a variety of questions about ticks.
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Mark-recapture is a technique that has been used by biologists in
nearly every field from botany to wildlife (Pollock 1980, Alexander
et al. 1997, Schwarz and Seber 1999). It can be used for several
metrics or indicators including population estimates, survival, and
dispersal. Depending on the study organism and the information
needed, different methodologies have been developed.
Ticks are vectors of disease-causing pathogens and monitoring
them is important to protecting humans, domesticated animals, and
wildlife. As early as the 1930s, biologists were marking ticks to better
understand their ecology (Philip 1937). Since then mark-recapture of
ticks has been used to study movement of ticks (Sonenshine and Levy
1971, 1972; Sonenshine 1972, 1973; Wilson et al. 1972; Conlon
and Rockett 1982; Gray 1985; Lane et al. 1985, 2009; Solberg et al.
1992; Goddard 1993; Goddard et al. 2011), estimate populations or
analyze population dynamics (Smith et al. 1946, Sonenshine 1972,
Garvie et al. 1978, Conlon and Rockett 1982, Eads and Smith 1983,
Koch 1987, Daniels et al. 1989, Carroll et al. 1991, Goddard and
Goddard 2008), and measure survival (Koch 1987, Daniels et al.
1989, Gaff et al. 2015, Bidder 2016, White 2019). The method used
to mark the ticks has varied from paints (Philip 1937, Smith et al.
1946, Gray 1985, Koch 1987, Carroll et al. 1991), radioisotopetagged markers (Sonenshine and Levy 1971, 1972; Sonenshine 1972,
1973; Garvie et al. 1978), fluorescent powder (Wilson et al. 1972,
Conlon and Rockett 1982, Daniels et al. 1989, Falco and Fish 1991,
Solberg et al. 1992, Goddard 1993, Kramer et al. 1993, Lane et al.
2009, Goddard et al. 2011), liquid paper (Lane et al. 1985), and
nail lacquer, the technique described in detail here (Gaff et al. 2015,
Bidder 2016, White 2019).

Insects have been studied considerably with mark-recapture.
Various marking methods have been developed and adapted over
time to better ask questions about insects ranging from population
dynamics to trophic-level interactions (Hagler and Jackson 2001).
Hagler and Jackson 2001 describe the ideal mark to not inhibit the
study organism should be environmentally safe, cost-effective, and
easy to apply. Our method of marking ticks does just that.
The protocol presented here describes a mark-recapture method
for ticks that could be applied to other invertebrates, such as insects.
It is a low-cost method that can provide detailed capture histories
for both nymphal and adult ticks as well as mark unique individuals.
This method of mark-recapture is also safe for the environment, does
not harm the tick, and is easy to teach to interns. Target users for this
protocol would include tick biologists but also other invertebrate
biologists where this method of marking could be useful.

Experimental Design
In every study, the very important initial step is collecting ticks. Ticks
can be sourced from lab colonies or collected from the field through
flagging or dragging. Materials necessary for this marking technique
include nail polish, a pencil with a rubber eraser, insect pins size 000,
blue painter’s tape, and a hard surface. Inexpensive nail polish has
been shown to last in the field for at least 10 wk (Bidder 2016). The
exact quantity of nail polish required for the experiment will vary
depending on the study. The number of colors required also varies
with the specific project, e.g., marking ticks each capture event with
multiple events in a single day will require more color variety than
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only marking ticks once a week. A pencil with a rubber eraser is
needed to design a ‘paint brush’ tool with the insect pins. A single
pin is pushed into the eraser of the pencil to act like the brush and
add comfort to the painter’s ability to mark the tick. Blue painter’s
tape is desired over scotch or masking tape as the adhesiveness will
hold the ticks in place but also allow removal without damaging the
tick itself. Lastly, we found that a storage clip board was very useful
for storing all of the paint colors as well as the tools necessary for
painting the ticks. Estimated costs for all of the equipment are available in Table 1.

Procedure
Lab Collection
1.	Remove ticks from vial individually and place on blue painter’s
tape with the dorsal side of the tick exposed.
2. Continue with steps 2–8 below as relevant for the lab study.

Field Collection
1. Flag or drag for ticks, stopping every 3 m to remove all ticks
from the cloth using fine-pointed tweezers and stick ticks ventrally to a 5-cm piece of blue painter’s tape leaving the scutum
free to painted.
2. Once ticks are secured on tape, roll the edges of the tape and stick
it to the clipboard (or another hard surface) (Fig. 1). It is important
to monitor the ticks at all times on the tape as occasionally a tick
will free themselves and begin to crawl away.
3. Before painting the ticks, record all data about the specimens
(date, time, transect, species, life stage, fate (whether the tick was
a new capture or recapture), what color of paint was currently
on the tick if any, and the paint color that will be used to mark
the tick).
4. Once data are recorded, use another piece of 5-cm piece of tape
and create a paint pallet by sticking the tape sticky side down on
the clipboard.
5. Next, use the nail polish brush in the paint bottle to place a drop
of the desired paint color on the tape paint pallet and close the nail
polish bottle.
6. Use the modified paint brush (created by a pencil and insect pin)
to get a small dot of paint on the end of the pin (Fig. 1), and place
the small dot of paint on the scutum of the tick. Use caution when
painting all ticks to avoid spiracular plates and the distal ends of
the legs (Fig. 2).
7. Wait a few seconds for the nail polish to dry, then the tick may be
removed with pointed forceps and placed in the desired location.
In our field-based studies ticks were returned to ground level foliage in the approximate location they were collected.
Table 1. List of materials needed for this mark-recapture technique
and estimated cost
Material
Nail polish
Pencil
Insect pins size 000
Blue painter’s tape
Pointed forceps
Storage clip board
Total

Quantity

Cost

1
10
100
1
1
1

$1
$1
$9
$3
$2
$10
$26

8. Return to step 1 and sample another 3 m to begin the process
again.
If individual identification is required, numbers or symbols can be
added with fine-tipped permanent marker, or the location of the dot
on adult ticks may be used (Fig. 3). On adult tick species with larger
scutums (e.g., Dermacentor variabilis Say [Ixodida: Ixodidae] or
Amblyomma americanum Linnaeus [Ixodida: Ixodidae]) numbers
0–99 could be written identifying 100 individuals. Alternatively,
an elaborate paint pattern scheme could be used to identify several
individuals with paint order on the tick scutum mattering to identify each individual. For example, at maximum on the scutum of an
adult A. americanum or D. variabilis we have painted six different
identifiable colors, with only using six different paint colors we
would potentially be able to mark 46,656 individuals. Nail polish is
readily available in an abundance of colors, and thus several capture
events, or even more individual patterns, could be documented on
ticks’ scutums (Fig. 3).
Major limitations of this method include color blindness of the
observer especially between small dots, and dexterity or steadiness
of one’s hand to paint a small surface. Observers must also be able
to field identify collected ticks for accurate measurements before
marking and releasing. Variation in tick size based on species and life
stage can also present limitation of this technique, painting six field
identifiable colors on a nymph is not possible. In extremely humid
field conditions, the nail polish does not dry as quickly and so the
process takes longer. If the tick is accidentally collected dorsally on
the tape, the nail polish may fall off. It is useful to have all colors of
paint accessible so ticks can be remarked.

Results
The specific results of this mark-recapture technique depend on the
motivation behind a given study. In our lab, we first used markrecapture to measure the efficacy of a control method, a tick-killing
robot (Gaff et al. 2015). Ticks were collected and painted before
the TickBot was run, and then after the treatment period, the area
was sampled again. If painted ticks were collected from treated
areas, then we could measure the TickBot’s effectiveness through a
percent reduction compared with recaptures in an untreated area.
This method was similarly applied to measure the effectiveness of
helmeted guinea fowl (Numida meleagris (Linnaeus; Galliformes:
Numididae)) as a biological control of ticks. Painted ticks were
placed in enclosures with birds and without birds to compare recapture rates (White 2019).
We also used this technique to measure tick movement toward
a carbon dioxide source, ticks were painted three different colors
based on how close they were initially placed to the carbon dioxide.
In addition to the standard painting process, these ticks received
individual numbers with a fine-point permanent marker to clearly
identify individuals (White 2019).
Using this technique in a field setting, a variety of analyses can
be performed beyond control and movement of ticks. Using this
mark-recapture technique along a given transect, we were able to
calculate the longevity of ticks to quantify how many weeks a tick
would remain questing (Bidder 2016, White 2019), as well as the
percentage of ticks recaptured and how this varies by site, species,
and life stage (Bidder 2016; Supp File 1 [online only]). Furthermore,
more elaborate calculations can be used to quantify the probability
of survival with Cormack–Jolly–Seber, or population density estimates using a Minimum Number Alive assessment (Supp File 1 [online only]).
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Fig. 1. Setup and process of painting ticks with modified paint brush of pencil and insect pin. (A) A size 000 insect pin is secured in the eraser of pencil. (B) This
modified paint brush is used to paint the tick. (C) A storage clipboard is a convenient tool for mobile applications of this technique. Blue painter’s tape provides
an ideal working surface to secure the ticks for painting (shown in inset).

Discussion

Fig. 2. Dorsal D. variabilis male with a green polygon indicating where to paint and
red arrows indicating areas to avoid. Dotted red arrows point to the approximate
location of spiracular plates located ventrally on the tick, and solid red arrows
point to the approximate location of the eyes. Both of these organs should remain
unpainted so as not to impede the tick’s survival or host-seeking cues.

Existing mark-recapture techniques have been effective in gathering different information about ticks, but the method presented
here provides a simple cost-effective method that can be used by
anyone. Previous methods for mark-recapture of ticks, such as
radioisotope-tagging or lead-based paints, are now illegal for
use in most wildlife settings. Batch marking of individuals using
fluorescent powder may still be beneficial for certain questions
such as studies requiring individuals to self-mark or where UV
light would be beneficial in finding the study organism. However,
fluorescent powder does not leave ticks marked for as long as nail
polish and has the possibility of marking, unmarked ticks in the
substrate if they encounter the residual powder from a marked
tick. Our technique described in this protocol will allow for more
specificity. Life stage-specific and collection day-specific information can be gathered from this technique. A large variety of
nail polish colors are cheap and readily available, and a modification of the pattern upon the tick’s scutum with different colors
of paint would easily allow tracking of individuals over time.
Although the concept of mark-recapture in ticks is not novel, this
method provides researchers a simple and inexpensive method to
better understand tick ecology.
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Fig. 3. Examples of painted ticks. Ticks can be painted with multiple colors to allow for notation of multiple recapture events. Ticks can also be marked as
individuals using a fine-tipped marker over a light paint color.

Supplementary Data
Supplementary data are available at Journal of Insect Science online.

Acknowledgments
We thank Hoffler Creek Wildlife Preserve, Newport News Park, The Nature
Conservancy, Eric L. Walters, and City of Hampton for allowing us to conduct research on their properties. We also thank members of the ODU Tick
Research Team, specifically Armin Bahrani, Laura Bitzer, Sean Campbell, Alex
Cumbie, Hannah Cummins, Amanda DeVleeschower, Aaron Gonzales, Neal
Hurst, Kelsey Jones, Jonathan Malush, Anja Nielsen, Jill Riehl, Chris Russo,
Sara Simmons, and Alex Suarez. Also special thanks to Dr. Holly Martinson
at McDaniel College for her mentorship of R.M. This work was funded in
part by National Institutes of Health grant 1R01AI136035 as part of the joint
National Institutes of Health-National Science Foundation United States Department of Agriculture Ecology and Evolution of Infectious Diseases program
and by the Centers for Disease Control and Prevention through contracts
200-2016-M-91768 and 200-2018-M-00751. R.M. was supported through
the National Science Foundation Research Experience for Undergraduate Program (site award OCE 165954). The Research Experience for Undergraduates
in Math and Science program through the Honors College at Old Dominion
University also provided support for several interns who have helped with the
various studies. An example of the R code and data used for the CJS and MNA
calculations are available by e-mail request to Holly Gaff at hgaff@odu.edu.

References Cited
Alexander, H. M., N. A. Slade, and W. D. Kettle. 1997. Application of mark–
recapture models to estimation of the population size of plants. Ecology.
78: 1230–1237.
Bidder, L. A. 2016. Abiotic factors contributing to the survival of three tick
species in southeastern Virginia, Amblyomma americanum (lone star tick),
Dermacentor variabilis (American dog tick), and Amblyomma maculatum
(Gulf Coast tick). Master of Science (M.S.) thesis, Biological Sciences, Old
Dominion University. ProQuest, Ann Arbor, MI.
Carroll, J., E. Russek-Cohen, J. Nichols, and J. Hines. 1991. Population dynamics of American dog ticks (Acari: Ixodidae) along park trails. Environ.
Entomol. 20: 922–929.
Conlon, J. M., and C. L. Rockett. 1982. Ecological investigations of the
American dog tick, Dermacentor variabilis (Say), in northwest Ohio
(Acari: Ixodidae). Int. J. Acarol. 8: 125–131.

Daniels, T. J., D. Fish, and R. C. Falco. 1989. Seasonal activity and survival
of adult Ixodes dammini (Acari: Ixodidae) in southern New York State. J.
Med. Entomol. 26: 610–614.
Eads, R. B., and G. C. Smith. 1983. Seasonal activity and Colorado tick
fever virus infection rates in Rocky Mountain wood ticks, Dermacentor
andersoni (Acari: Ixodidae), in north-central Colorado, USA. J. Med.
Entomol. 20: 49–55.
Falco, R. C., and D. Fish. 1991. Horizontal movement of adult Ixodes
dammini (Acari: Ixodidae) attracted to CO2-baited traps. J. Med. Entomol.
28: 726–729.
Gaff, H. D., A. White, K. Leas, P. Kelman, J. C. Squire, D. L. Livingston,
G. A. Sullivan, E. W. Baker, and D. E. Sonenshine. 2015. TickBot: a novel
robotic device for controlling tick populations in the natural environment.
Ticks Tick Borne Dis. 6: 146–151.
Garvie, M. B., J. A. McKiel, D. E. Sonenshine, and A. Campbell. 1978.
Seasonal dynamics of American dog tick, Dermacentor variabilis (Say),
populations in southwestern Nova Scotia. Can. J. Zool. 56: 28–39.
Goddard, J. 1993. Ecological studies of Ixodes scapularis (Acari: Ixodidae)
in central Mississippi: lateral movement of adult ticks. J. Med. Entomol.
30: 824–826.
Goddard, J., and J. Goddard. 2008. Estimating populations of adult Ixodes
scapularis in Mississippi using a sequential Bayesian algorithm. J. Med.
Entomol. 45: 556–562.
Goddard, J., A. Varela-Stokes, and J. C. Schneider. 2011. Observations on
questing activity of adult Gulf Coast ticks, Amblyomma maculatum Koch
(Acari: Ixodidae), in Mississippi, USA. Syst. Appl. Acarol. 16: 195–200.
Gray, J. S. 1985. A carbon dioxide trap for prolonged sampling of Ixodes
ricinus L. populations. Exp. Appl. Acarol. 1: 35–44.
Hagler, J. R., and C. G. Jackson. 2001. Methods for marking insects: current
techniques and future prospects. Annu. Rev. Entomol. 46: 511–543.
Koch, H. G. 1987. Estimation of absolute numbers of adult lone star ticks
(Acari: Ixodidae) by dry ice sampling. Ann. Entomol. Soc. Am. 80:
624–628.
Kramer, V. L., E. R. Carper, and C. Beesley. 1993. Mark and recapture of
adult Ixodes pacificus (Acari: Ixodidae) to determine the effect of repeated removal sampling on tick abundance. J. Med. Entomol. 30:
1071–1073.
Lane, R. S., J. R. Anderson, J. S. Yaninek, and W. Burgdorfer. 1985. Diurnal
host seeking of adult Pacific Coast ticks, Dermacentor occidentalis
(Acari: Ixodidae), in relation to vegetational type, meteorological factors, and rickettsial infection rates in California, USA. J. Med. Entomol.
22: 558–571.

Journal of Insect Science, 2020, Vol. 20, No. 6
Lane, R. S., J. Mun, and H. A. Stubbs. 2009. Horizontal and vertical movements of host-seeking Ixodes pacificus (Acari: Ixodidae) nymphs in a
hardwood forest. J. Vector Ecol. 34: 252–266.
Philip, C. B. 1937. Six years’ intensive observation on the seasonal prevalence
of a tick population in western Montana: a preliminary summary. Public
Health Rep. (1896–1970) 52: 16–22.
Pollock, K. H. 1980. Capture-recapture models: a review of current methods,
assumptions and experimental design, pp. 426–435. In C. J. Ralph and
J. M. Scott (eds.), Estimating numbers of terrestrial birds. Studies in Avian
Biology 6. Allen Press, Inc., Lawrence, KS.
Schwarz, C. J., and G. A. Seber. 1999. Estimating animal abundance: review
III. Stat. Sci. 14:427–456.
Smith, C. N., M. M. Cole, and H. K. Gouck. 1946. Biology and control of the
American dog tick. United States Department of Agriculture, Technical
Bulletin, Volume 905.
Solberg, V. B., K. Neidhardt, M. R. Sardelis, C. Hildebrandt, F. J. Hoffmann,
and L. R. Boobar. 1992. Quantitative evaluation of sampling methods for
Ixodes dammini and Amblyomma americanum (Acari: Ixodidae). J. Med.
Entomol. 29: 451–456.

5
Sonenshine, D. E. 1972. Ecology of the American dog tick, Dermacentor
variabilis in a study area in Virginia. 1. Studies on population dynamics
using radioecological Methods. Ann. Entomol. Soc. Am. 65: 1164–1175.
Sonenshine, D. E. 1973. Ecology of the American dog tick, Dermacentor
variabilis, in a study area in Virginia. 3. Studies on dispersal of immature
ticks by small-mammal hosts. Ann. Entomol. Soc. Am. 66: 44–46.
Sonenshine, D. E., and G. F. Levy. 1971. The ecology of the lone star tick,
Amblyomma americanum (L.), in two contrasting habitats in Virginia
(Acarina: Ixodidae). J. Med. Entomol. 8: 623–635.
Sonenshine, D. E., and G. F. Levy. 1972. Ecology of the American dog tick,
Dermacentor variabilis, in a study area in Virginia. 2. Distribution in relation to vegetative types. Ann. Entomol. Soc. Am. 65: 1175–1182.
White, A. L. 2019. Tick control methods for Amblyomma americanum in
Virginia: applications and modeling. Doctor of Philosophy (Ph.D.) dissertation, Biological Sciences, Old Dominion University. ProQuest, Ann Arbor, MI.
Wilson, J. G., D. R. Kinzer, J. R. Sauer, and J. A. Hair. 1972. Chemo-attraction
in the lone star tick (Acarina: Ixodidae). I. Response of different developmental stages to carbon dioxide administered via traps. J. Med. Entomol.
9: 245–252.

